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(54) [Title of the Invention] 

Transfer Roller and Image Forming Apparatus 
Having Transfer Roller 

20 (57) [Abstract] 

[Object of the Invention] 

To provide an image forming apparatus having a 
transfer roller capable of accomplishing the objective 
of preventing the phenomenon that a photosensitive 

25 drum is contaminated by the ingredients of a transfer 
roller, as well as the objective of stabilizing the 
image forming apparatus in recording medium conveyance 
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force, without being coated, across the surface of the 
solid transfer roller, with a material for forming a 
barrier layer for preventing the ingredients of the 
transfer roller from seeping out, or a mold releasing 
5 substance which is highly effective to prevent the 
adhesion of paper dust or the like, 
[Solution] 

To form a layer of solid rubber around a 
metallic core, and subject the solid rubber layer to 
10 the primary vulcanization process. Then, the solid 
rubber layer is subjected to the secondary 
vulcanization process. Then, the solid rubber layer is 
polished, and then, is subjected to a surface 
treatment such as irradiating with ultraviolet rays. 

15 

[Claims] 

[Claim 1] A transfer roller characterized in that 
it is manufactured using the method in which the 
process of forming an elastic layer of solid rubber, 

20 around a metallic core, the process of vulcanizing the 
solid rubber {primary vulcanization process), the 
process of vulcanizing the solid rubber for the second 
time (secondary vulcanization process), the process of 
polishing the elastic layer, and the process of 

25 treating the surface of the elastic layer, are carried 
out in the listed order. 

[Claim 2]< A transfer roller according to Claim 1, 
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characterized in that the roughness index (Rz) of its 
surface is no more than 10 ]im. 

[Claim 3] A transfer roller according to Claim 1 
or 2, characterized in that the condition for the 
5 second vulcanization process is such that the 

temperature is in the range of 120 - 200 °C, and the 
duration is in the range of 30-120 minutes. 

[Claim 4] A transfer roller according to one of 
Claims 1-3, characterized in that the process for 

10 treating the surface of the elastic layer is to treat 
the surface of the elastic layer with ultraviolet rays. 

[Claim 5] A transfer roller according to one of 
Claims 1 - 4, characterized in that the elastic layer 
is formed of solid rubber, the hardness (ASKER-C 

15 scale) of which is no less than 40 degrees and no more 
than 80 degrees when it is under a load of 1 kg. 

[Claim 6] An image forming apparatus comprising a 
transferring member of the contact type kept in 
contact with an image bearing member, said 

20 transferring member having an elastic layer and being 
rotatably shaped, and transferring means for 
transferring the toner image on the image bearing 
member onto recording medium, in the transfer nip 
formed between the image bearing member and 

25 transferring member of the contact type, while 

conveying the recording medium kept pinched in the 
transfer nip, characterized in that the transferring 
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member of the contact type is in accordance with one 
of Claims 1-5. 

[Claim 7] An image forming apparatus according to 
Claim 6, characterized in that said transferring 
5 member of the contact type is rotationally driven at 
such a peripheral velocity that is different by 
+5 - 6 % from that of the image bearing member* 

[Detailed Description of the Invention] 

10 [0001] 

[Industrially Applicable Field] 

The present invention relates to an 
electrophotographic printer, an electrophotographic 
copying machine, an electrostatic recording apparatus, 

15 etc., in particular, an image forming apparatus which 
employs a roller-based transferring method. More 
specif ically, it relates to the improvement of a 
transfer roller used for such an image forming 
apparatus as the above described one. 

20 [0002] 

[Prior Arts] 

In the past, a majority of electrophotographic 
image forming apparatuses employed one of the 
transferring methods of the contact type, which are 
25 very small in the amount of ozone (which is deemed 
harmful) generated during the image transfer* Among 
these transferring methods of the contact type, a 
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roller-based transferring method which is superior has 

become the mainstream method. 

[0003] 

In the roller-based transferring method, a 
5 transfer nip is formed by pressing a transfer roller 
having an elastic rubber roller layer, upon a 
photosensitive drum as an image bearing member, and a 
toner image on the photosensitive drum is transferred 
onto recording medium, in the transfer nip, by the 
10 function of the transfer bias applied to the transfer 
roller while the recording medium is conveyed through 
the transfer nip. 
[0004] 

As the transfer roller, generally, an elastic 
15 sponge roller is used, which is made up of a metallic 
core formed of SUS, Fe, or the like, and an 
electrically conductive, spongy, and elastic layer 
formed around the metallic core. The electrical 
resistance of the elastic layer has been adjusted to a 
20 value in the range of 1x10 s - lxlO 10 Q. The hardness 
of the elastic roller is in the range of 20 - 40 
degrees (ASKER-C scale}. Further, in recent years, 
market has begun to increasingly demand an image 
forming apparatus capable of printing an image on 
25 various recording media, and with the increase, an 
image forming apparatus employing a solid transfer 
roller, the elastic layer of which is formed of 
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electrically conductive solid rubber, which is 
superior in recording medium conveyance performance, 
has been developed, 
[0005] 

5 The elastic layer of a solid transfer roller 

is formed of solid rubber which is highly resilient. 
Therefore, a solid transfer roller is superior to a 
transfer roller in accordance with the prior art, that 
is, a transfer roller of the sponge type, in terms of 

10 the amount of grip it has on recording medium in the 
transfer nip, being therefore not likely to be easily 
affected by the back tension which occurs as recording 
medium is fed into the main assembly of an image 
forming apparatus, the conveyance resistance, that is, 

15 the friction which occurs between the recording medium 
conveyance path and recording medium as recording 
medium such as a postal card or a piece of cardboard 
is conveyed through the recording medium conveyance 
path. Thus, a solid transfer roller enjoys merit in 

20 that it can reliably convey recording medium. It is 
distinguishable in that when it is used with an image 
forming apparatus of the so-called excess velocity 
transfer roller type, that is, an image forming 
apparatus, the transfer roller of which is rotated 

25 faster than its photosensitive drum to convey 

recording medium fast than the peripheral velocity of 
the photosensitive drum so that the effect of causing 
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the recording medium to scrape the toner on the 
photosensitive drum away from the photosensitive drum 
is achieved to prevent the formation of an image 
having unintended white areas, it is smaller than a 
5 transfer roller of the sponge type, in the fluctuation 
in the recording medium conveyance speed, which is 
caused by the fluctuation in the print ratio. 
[0006] 

[Problems to Be Solved by the Invention] 
10 However, an image forming apparatus, which 

employs a transfer roller in accordance with the prior 

art suffered from the following problems. 

[0007] 

(1) In the rubber of which the elastic layer of a 
15 transfer roller is formed, the residues of the 
initiator added to synthesize the base polymer, 
by-products generated when the base polymer was 
synthesized, low molecule components of the base 
polymer, vulcanizing agent and softening agent added 
20 when the rubber roller was molded, plasticiser, etc., 
are contained. Most of these substances are likely to 
react with the surface layer of a photosensitive drum. 
Thus, there is the following problem. If a transfer 
roller and a photosensitive drum are left pressed upon 
25 each other for a long time, these substances seep out 
of the transfer roller, and adhere to the 
photosensitive drum, reacting with the surface of the 



photosensitive drum. As a result, the surface of the 
photosensitive drum is changed in properties. 
[0008] 

In particular, a solid transfer roller is 
5 higher in hardness, being therefore narrower in the 
transfer nip it forms, than a sponge transfer roller, 
the elastic layer of which is formed of spongy rubber. 
Therefore, a solid transfer roller is likely to be 
higher in the contact pressure (per unit area) against 

10 a photosensitive drum. Therefore, the low molecule 
components of the material rubber, vulcanizing agent, 
plasticizer, etc., which are in a solid transfer 
roller, are likely to seep out onto the surface of the 
transfer roller. Thus, a solid transfer roller is left 

15 pressed upon a photosensitive drum for a long time, 

the substances having seeped out of the solid transfer 
roller adhere to the surface of the photosensitive 
drum, resulting in the formation of a disturbed image. 
There is also the problem that the surface of a 

20 photosensitive drum reacts with these substances, 
changing in properties; in an extreme case, it is 
bleached. Therefore, the images formed thereafter will 
be all disturbed. 
[0009] 

25 There is also the following problem: A solid 

transfer roller is greater in the adhesiveness of its 
surface. Therefore, as recording paper is conveyed for 
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image transfer, paper dust, toner, etc., adheres to 
the surface of the solid transfer roller, 
contaminating the surface. The adhesion of these 
substances to the surface of a solid transfer roller 
5 changes the electric resistance of the surface. As a 
result, it becomes impossible for transfer current to 
continuously flow by a proper amount, resulting in the 
formation of an abnormal image • 
[0010] 

10 As the solution to the above described 

problems, it is possible to coat the surface of a 
transfer roller with such a substance that can form a 
barrier layer for preventing the ingredients of the 
transfer roller from seeping out onto its surface. 

15 However, this solution is problematic for the 
following reason: It renders a transfer roller 
multilayered. Further, not only does it add to the 
cost of the materials for a transfer roller, but also, 
it complicates the manufacturing process for a 

20 transfer roller, increasing thereby transfer roller 
cost . 
[0011] 

It is also possible to coat the surface of a 
transfer roller with such a substance that is 
25 excellent in mold releasing property so that even if 

paper dust lands on the surface of the transfer roller, 
it does not adhere to the surface. However, this 
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solution is also problematic for the following reasons. 
That is, a substance which is excellent in mold 
releasing property is generally expensive, and 
therefore, the usage of such a substance increases a 
5 transfer roller in cost. 
[0012] 

(2) In an image forming apparatus of the excess 
velocity transfer roller type, recording medium is 
conveyed while slipping between the photosensitive 

10 drum and transfer roller. Therefore, the recording 
medium conveyance speed is made to substantially 
change, by the changes in the external diameter of the 
transfer roller, changes in the surface properties of 
the transfer roller, changes in the conveyance 

15 resistance of the recording medium conveyance path, . 
etc. Therefore, there has been the problem that the 
image forming apparatus is reduced in the ability to 
prevent the formation of an image suffering from 
unintended while areas (vacant areas), and/or the 

20 trailing end portion of an image misses the trailing 
end portion of recording medium. A solid transfer 
roller is higher in recording medium conveying force, 
and more stable in the recording medium conveyance 
speed in the transfer nip than a transfer roller of 

25 the sponge type. However, it still is prone to the 
changes in the recording medium conveyance speed in 
the transfer nip. 
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[0013] 

For the purpose of reduce this changes in 
recording medium conveyance speed, it is effective to 
increase the transfer roller in the amount of force by 
5 which it grips recording medium in the transfer nip, 
by increasing the amount of pressure by which a 
transfer roller is kept pressed upon a photosensitive 
drunw However, a solid transfer roller is relatively 
hard* Therefore, as the amount of pressured applied to 

10 keep a transfer roller pressed upon a photosensitive 
is increased, the amount of pressure (per unit area) 
to which the transfer roller is subjected in the 
transfer nip substantially increases, increasing 
thereby the amount by which the ingredients of the 

15 transfer roller, which possibly contaminate the 

photosensitive drum, seep out of the transfer roller. 
Thus, it has been difficult to accomplish the 
objective of preventing a transfer roller from 
contaminating a photosensitive drum, while 

20 accomplishing the objective of keeping an image 
forming apparatus stable in the recording medium 
conveyance force . 
[0014] 

The objective of the present invention is to 
25 provide an image forming apparatus having a solid 

transfer roller, which can accomplish the objective of 
preventing the phenomenon that a photosensitive drum 
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is contaminated by the ingredients of a transfer 
roller, as well as the objective of stabilizing the 
image forming apparatus in recording medium conveyance 
force, without being coated, across the surface of the 
5 solid transfer roller, with a material for forming a 
barrier layer for preventing the ingredients of the 
transfer roller from seeping out, or a mold releasing 
substance which is highly effective to prevent the 
adhesion of paper dust or the like. 

10 [0015] 

[Means to Solve the problems] 

According to the present invention, in order 
to solving the above described problem, by using the 
method in which the process of forming an elastic 

15 layer of solid rubber, around a metallic core, the 
process of vulcanizing the solid rubber {primary 
vulcanization process), the process of vulcanizing the 
solid rubber for the second time (secondary 
vulcanization process), the process of polishing the 

20 elastic layer, and the process of treating the surface 
of the elastic layer, are carried out in the listed 
order, it is possible to provide a transfer roller 
which can accomplish the objective of preventing the 
phenomenon that a photosensitive drum is contaminated 

25 by the ingredients of a transfer roller, as well as 
the objective of stabilizing the image forming 
apparatus in recording medium conveyance force, 
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without being coated, across the surface of the solid 
transfer roller, with a material for forming a barrier 

4 

layer, or a highly effective mold releasing substance, 
[0016] 
5 [Embodiments] 

According to the present invention, which 
relates to an image forming apparatus employing 
transferring means of a roller type, more specifically, 
transferring means employing an electrically 

10 conductive solid transfer roller, prevents the 

ingredients of the transfer roller from seeping out 
onto the surface of the transfer roller, 

(1) By manufacturing a transfer roller with the 
use of a manufacturing method in which the precursor 

15 of a transfer roller is subjected to the secondary 
vulcanization process before it is polished; 
thereafter, the precursor is polished across the 
surface of its rubber portion to give the precursor a 
preset external diameter and a desired shape; and then, 

20 the surface of the rubber portion is subjected to a 
surface treatment, such as irradiating with 
ultraviolet rays, treating with ozone, or the like, 
the low molecule ingredients of rubber, which are 
present in the surface portion of the transfer roller, 

25 and the additives such as vulcanizing agents, etc., 

are purged by the secondary vulcanization process, and 
also, the surface portion of the elastic layer are 
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turned into a seepage prevention layer by the surface 
treatment, making it thereby possible to prevent the 
phenomenon that ingredients of the rubber portion of a 
transfer roller seep out onto the surface of the 
5 transfer roller. 
[0017] 

Further, by giving, after the polishing of the 
surface of the rubber portion of the transfer roller, 
the surface of the rubber portion of the transfer 

10 roller a surface treatment to smooth the surface of 
the transfer roller so that the surface becomes no 
more than 10 |im in roughness index Rz, the changes in 
the recording medium conveyance speed, which is 
attributable to the direction in which the surface is 

15 polished, the nonuniformity in the surface roughness, 
are prevented, and the adhesion of paper dust and/or 
toner to the roller surface is prevented, making it 
possible for the image forming apparatus to 
continuously yield satisfactory images for a long time. 

20 [0018] 

(2) By manufacturing a transfer roller with the 
use of a manufacturing method in which the precursor 
of a transfer roller is subjected to the secondary 
vulcanization process before it is polished; 
25 thereafter, the precursor is polished across the 

surface of its rubber portion to give the precursor a 
preset external diameter and a desired ' shape; and then, 



the surface of the rubber portion is subjected to a 
surface treatment, such as irradiating with 
ultraviolet rays, treating with ozone, or the like, 
the low molecule ingredients of rubber, which are 
5 present in the surface portion of the transfer roller, 
and the additives such as vulcanizing agents, etc*, 
are purged by the second vulcanization process, 
preventing thereby such substances in the transfer 
roller that possibly contaminate the photosensitive 

10 drum, from seeping out of the transfer roller, even 
under a large amount of transfer pressure, 
accomplishing thereby the objective of stabilizing the 
image forming apparatus in the recording medium 
conveyance in the transfer nip, as well as the 

15 objective of preventing the transfer roller from 
contaminating the photosensitive drum. 
[0019] 

Hereinafter, the present invention. will be 
described in detail. 

20 (1) Image Forming Apparatus 

Figure 1 is a schematic sectional view of the 
image forming apparatus in accordance with the present 
invention. In Figure 1, designated by a referential 
symbol 1 is a photosensitive drum as an image bearing 

25 member, which is made up of a cylindrical substrate 
formed of aluminum, nickel, or the like, and a layer 
of a photosensitive substance, such as OPC, amorphous 
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silicon, or the like, formed on the substrate- The 
photosensitive drum 1 is rotationally driven by a 
driving means A at a preset peripheral velocity in the 
clockwise direction a indicated by an arrow mark, 
5 [0020] 

Designated by a referential symbol 2 is a 
charging means for uniformly charging the peripheral 
surface of the rotating photosensitive drum 1 to 
preset polarity and potential level. Shown in Figure 1 
10 is a charging apparatus of the contact type, which 
employs a charge roller, 
[0021] 

Designated by a referential symbol 3 is a 
means for exposing the photosensitive drum 1 to a beam 

15 of light which reflects image formation data. In this 
embodiment, the exposing means is a laser beam scanner. 
This scanner 3 is made up of a semiconductor laser, a 
polygon mirror, an F-8 lens, etc. It forms an 
electrostatic latent image by scanning (exposing 

20 thereby) the uniformly charged surface of the 

photosensitive drum 1 with the beam of laser light 
which it emits while turning it on and off according 
to the image data sent from an unshown host apparatus . 
Designated by a referential symbol 3a in the drawing 

25 is a deflection mirror, 
[0022] 

Designated by a referential symbol 4 is a 
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developing apparatus, which develops the electrostatic 
latent image into an image formed of toner (which 
hereinafter may be referred to as toner image) . As the 
developing method, the jumping developing method, 
5 two-component developing method, or the like is used. 
In most cases, it is used in combination with the 
exposing process and reversal developing process. 
[0023] 

Designated by a referential symbol 5 is a 
10 transfer roller as a charging member of the contact 
type. The transfer roller 5 is rotatably shaped and 
has an elastic layer. It is kept pressed upon the 
photosensitive drum 1, forming a transfer nip N, It is 
rotationally driven by a driving means B in the 
15 counterclockwise direction indicated by an arrow mark, 
at a preset peripheral velocity. The structure, 
functions, etc., of this transfer roller 5 will be 
described in detail in the following section, that is, 
Section (2) . 
20 [0024] 

In the transfer nip N, the toner image formed 
on the rotating photosensitive drum 1 is 
electrostatically transferred, as if it were rolled 
out of the photosensitive drum 1, onto a sheet of 
25 recording medium P (sheet of material onto which image 
is to be transferred) delivered to the transfer nip N 
from a paper feeding portion 7 through a paper feeding 
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path 9. Designated by a referential symbol 8 is a 

paper feeding roller* 

[0025] 

The recording medium P fed from the paper 
5 feeding portion 7 or 14 by the paper feeding roller 8 
or 15 is kept on standby at a pre-feed sensor 12 , and 
then, is delivered to the transfer nip N (image 
forming portion) through a pre-transfer guide 13, The 
recording medium P is delivered to the transfer nip N 

10 formed by the photosensitive drum 1 and transfer 

roller 5, in synchronism with the arrival of the toner 
image (formed on photosensitive drum 1) at the 
transfer nip KL The synchronization between the 
arrival of the recording medium P at the transfer nip 

15 N and that of the toner image is accomplished by a 
registration sensor 12, 
[0026] 

After moving past the transfer nip N while 
receiving the toner image, the recording medium P is 

20 separated from the surface of the photosensitive drum 
1, and conveyed to a fixing apparatus 18 through a 
sheet path 17. The fixing apparatus 8 in this 
embodiment is a fixing apparatus of the heat roller 
type, which is made up of a pair of rollers, that is, 

25 a heat roller 18a and a pressure roller 18b. The 

recording medium P bearing the toner image is conveyed 
through a fixation nip T, while remaining pinched 
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between the two rollers 18a and 18b. The fixation nip 
T is a pressure nip formed between the heat roller 18a 
and pressure roller 18b by keeping the two rollers 18a 
and 18b pressed against each other* As the recording 
5 medium P is conveyed through the fixation nip T, it is 
subjected to heat and pressure. As a result, the toner 
image is fixed to the surface of the recording medium 
P; the toner image is turned into a permanent image. 
After the fixation of the toner image to the recording 
10 medium P, the recording medium P is discharged from 
the apparatus main assembly by a pair of discharge 
rollers 19; it is discharged into a delivery tray 20, 
[0027] 

Meanwhile, the surface of the photosensitive 
15 drum 1, from which the toner image has just been 

transferred onto the recording medium P, is cleaned by 
a cleaning apparatus 6; the toner particles remaining 
on the surface of the photosensitive drum 1 are 
removed by the cleaning apparatus 6. The cleaned 
20 surface of the photosensitive drum 1 is used for the 
following image formation cycle; the surface of the 
photosensitive drum 1 is repeatedly used for image 
formation. The cleaning apparatus in this embodiment 
is a cleaning apparatus of the blade type, A 
25 referential symbol 6a designates the cleaning blade of 
the cleaning apparatus 6. 
[0028] 
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(2) Transfer Roller 5 

Figure 2 is an enlarged schematic side view of 
one of the lengthwise ends of the transfer roller 4, 
and its adjacencies, and Figure 3 is a schematic front 
5 view of the transfer roller, a part of which is not 
shown. 
[0029] 

The transfer roller 5 is a solid rubber roller, 
which is made up of a metallic core 5a formed of iron, 

10 SUS, or the like, and a solid elastic layer 5b formed 
around the metallic core 5a, of EPDM, silicon, NBR, 
urethane, or the like substance. The electrical 
resistance of the elastic layer is in the medium range. 
In the present invention, an elastic roller, the 

15 hardness of which is in the range of 40 - 80 degrees, 
preferably, 50 - 70 degrees, in ASKER-C scale, when it 
is under a load of 1 kg, and the electrical resistance 
value of which is in the range of 10^ - 10 10 Q, is 
used. The elastic layer 5b of the transfer roller 5 is 

20 subjected twice to the vulcanizing process; it is 

subjected to the primary and secondary vulcanization 
processes. Thereafter, its surface is polished to 
reduce its external diameter to a preset measurement. 
Then, the surface is further treated. 

25 [0030] 

As for the condition for the primary 
vulcanization, it has only to be set according to the 
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type of the base polymer of the rubber, and additives 
such as vulcanizing agent, softener, plasticiser, etc, 
so that the elastic layer 5b is optimally vulcanized* 
Normally, the vulcanizing process is carried out for 
5 10-60 minutes at a temperature level roughly in the 
range of 100 - 200 °C. As for the condition for the 
secondary vulcanization, it has only to be set so that 
the temperature level at which the secondary 
vulcanization is carried out is close to, or higher 

10 than, the temperature level for the primary 

vulcanization. When the temperature level for the 
secondary vulcanization is close to that of the 
primary vulcanization, the difference between the two 
temperature levels is desired to be no more than 40 °C, 

15 preferably, no more than 20 °C. Normally, the 

temperature level for the secondary vulcanization is 
desired to be set to a value in the range of 
120°C - 200°C, preferably, 130°C - 2Q0°C, As for the 
duration of the secondary vulcanization, it has only 

20 to be greater than that of the primary vulcanization, 
although it should be adjusted according to the 
temperature level for the secondary vulcanization. 
Normally, it is desired to be no less than 30 minutes, 
preferably, no less than 40 minutes. However, if the 

25 secondary vulcanization is carried out too long, the 
deterioration of the rubber proportionally worsens . 
Therefore, the length of the secondary vulcanization 
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is desired to be no more than roughly 120 minutes, 
preferably, roughly 80 minutes. 
[0031] 

After the secondary vulcanization, the roller 
5 is left at room temperature so that it will naturally 
cool down- Then, its elastic layer is polished to 
reduce the external diameter of the roller to a 
desired value. Carrying out the primary and secondary 
vulcanization processes, and the polishing process, in 

10 the order of the primary vulcanization process, 

polishing process, and secondary vulcanization process, 
is effective to render the photosensitive drum 1 more 
resistant to contamination. However, this allows the 
heat applied for the secondary vulcanization process 

15 to reduce the roller in external diameter, allowing 
thereby the deviation in the external diameter of the 
roller to increase to a value in the range of 
nO.l - ft0.15 [nun] when the roller is mass-produced. In 
order to keep the solid transfer roller stable in the 

20 recording medium conveyance speed, the deviation in 
the external diameter of the solid transfer roller is 
desired to be kept within the range of ft0.05 [mm]. 
However, in the case of the manufacturing method in 
which the secondary vulcanization process is carried 

25 out after the polishing process, it is difficult to 
keep the deviation in the external diameter of the 
roller within the abovementioned range. By carrying 
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recording medium conveyance speed, which is 
attributable to the direction in which the surface of 
the transfer roller is polished and the nonunif ormity 
in the surface roughness of the roller, and further, 
5 paper dust, toner, and the like are prevented from 

adhering to the roller surface. Therefore, not only is 
the image forming apparatus enabled to form 
satisfactory images for a long time, but also, the 
problem that the ingredients of the transfer roller 
10 seep out from within the transfer roller and 

contaminate a photosensitive drum can be prevented. 
[0034] 

As for the irradiation of the transfer roller 
with ultraviolet rays, the roller surface is 
15 irradiated with such ultraviolet rays that are 
200 - 450 nm in wavelength- The duration of the 
irradiation has only to be roughly in the range of 
1-10 minutes. 
[0035] 

20 Ultraviolet rays must be evenly irradiated 

across the surface of the rubber layer of the transfer 
roller. As the method for evenly irradiating the 
surface of the rubber layer of the transfer roller, 
the method in which the roller is rotated relative to 

25 an ultraviolet ray source, or the method in which 

ultraviolet rays are irradiated upon the roller from 
above and below the roller, or the like method, may be 
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used, 
[0036] 

The light source does not need to be limited 
to the abovementioned one. That is, any light source 
5 will suffice as long as it can emit ultraviolet rays, 
the wavelength of which is in the abovementioned range. 
More specifically, one of the known light sources, for 
example, a hydrogen lamp, a heavy hydrogen lamp, a 
halogen lamp, a xenon lamp, etc, may be used. Further, 
10 it is desired to use such a lamp that is 80 W/cm in 
output, and 4,000 W in rated electric power. 
[0037] 

As the method for treating the surface of the 
transfer roller with ozone, there is the method in 
15 which the transfer roller is left for roughly 0.5 - 2 
hours in an ambience, the ozone density of which is in 
the range of 10 - 30 ppm (xl0~ 2 ), and the temperature 
of which is in the range of 35 - 40°C. 
[0038] 

20 As for the method for measuring the electrical 

resistance of the transfer roller 5, referring to 
Figure 7, the maximum and minimum values of the 
voltage generated between the two ends of a resistor 
7 4 are read with the use of a voltmeter 73, while the 

25 transfer roller 5, which is kept in contact with an 
aluminum cylinder with the application of a total 
pressure of 1,000 g (500 g per side) is rotated, and 
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voltage (optional in value, for example, +2.0 kV) is 
applied to the metallic core 5a of the transfer roller 
5 from a high voltage DC power source 72. Then, from 
the obtained voltage values, the average value of the 
5 electric current which flowed through the circuit is 
obtained, and then, the electrical resistance value of 
the transfer roller is calculated (measurement 
ambience: N/N -20°C60%). 
[0039] 

10 Referring to Figure 3, the transfer roller 5 

is disposed in parallel to the photosensitive drum 1. 
It is rotatably supported by a pair of bearings 5c, 
one bearing at each of the lengthwise ends of its 
metallic core 5a, and is kept pressured toward the 

15 photosensitive drum 1 by a pair of pressure 

application springs 5d, which generate a total 
pressure of 0.5 - 2.0 kg, so that the elastic layer 5b 
is pressed upon the photosensitive drum 1 to form the 
transfer nip N. 

20 [0040] 

A referential symbol 5e in Figure 3 designates 
a gear rigidly attached to one of the lengthwise ends 
of the metallic core 5a of the transfer roller 5, With 
this gear, an unshown drive gear is meshed. Thus, the 
25 rotational force of the drive gear is transmitted to 
the gear 5e, rotationally driving the transfer roller 
5 in the counterclockwise direction indicated in 
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Figure 2 at a preset peripheral velocity. 
[0041] 

Designated by a referential symbol 21 is an 
electric power source for transfer bias application. 
5 From this electric power source, transfer bias is 
applied to the transfer roller 5 through the 
electrically conductive pressure application springs 
5d, bearings 5c, and metallic core 5c. The recording 
medium P is delivered from the paper feeding portion 

10 to the transfer nip N with preset timing, and then, is 
conveyed through the transfer nip N while remaining 
pinched in the transfer nip N. While the recording 
medium P is conveyed through the transfer nip N, a 
desired voltage, which is opposite in polarity to the 

15 toner image on the photosensitive drum 1, is applied 
from the electric power source 21 for transfer bias 
application, to the transfer roller 5, giving electric 
charge to the recording medium P in the transfer nip N. 
As a result, the toner image on the photosensitive 

20 drum 1 is electrostatically transferred onto the 

recording medium as if the toner image were rolled out 
onto the recording medium P from the photosensitive 
drum 1, 
[0042] 

25 [Embodiment] 

Next, the present invention will be concretely 
described in the form of embodiments. However , the 
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following embodiments of the present are not intended 

to limit the scope of the present invention. 

[0043] 

Embodiment 1 

5 The transfer roller 5 used in this embodiment 

is an electrically conductive elastic roller, which is 
made up of a metallic core 5a, and an elastic layer 5b 
(electrical resistance of which is in mid range) 
formed around the metallic core 5a. The metallic core 

10 5a is formed of Fe, and is 6 [mm] in diameter. The 
elastic layer 5b is formed of ion-conductive solid 
rubber, which belongs to NBR group, and is 5xl0 8 Qin 
electrical resistance. The transfer roller 5 is 65 
degrees in hardness (ASKER-C scale/total load of 1,000 

15 g) , and is 18 [mm] in external diameter. 
[0044] 

Figure 5 shows the general flow of the 
manufacturing process for the transfer roller 5 in 
this embodiment. First, a layer of the ion-conductive 

20 rubber, which belongs to NBR group, is formed as the 
elastic layer, around the metallic core; it is formed 
by injection molding, press molding, or extrusion 
molding, and then, the metallic core is pressed into 
the center of the elastic rubber layer. Then, the 

25 elastic layer {rubber layer) is vulcanized (primary 
vulcanization process) . In this embodiment, the 
elastic layer is formed by injection molding, and 
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vulcanized in the mold for the injection molding for 

30 minutes at 140°C (heating condition) . 

{0045] 

Next/ the transfer roller is removed from the 
5 molding machine, and vulcanized (secondary 

vulcanization process) at the same temperature as, or 
a higher temperature than, that for the primary 
vulcanization process. The secondary vulcanization 
process is carried out with the use of a batch furnace* 
10 [0046] 

Tables 1 and 2 show the heating conditions for 
the secondary vulcanization process , and the results 
of the photosensitive drum contamination tests. Table 
1 shows the results of the test in which the heating 

15 time was kept at 60 minutes, whereas the heating 

temperature was varied. Table 2 shows the results of 
the test in which the heating temperature is kept at 
150°C, whereas the heating time is varied in duration. 
As for the photosensitive drum contamination test, the 

20 transfer roller completed by being polished and 
exposed to ultraviolet rays after the second 
vulcanization process was pressed upon the 
photosensitive drum with the application of a total 
pressure of 1 kg, and then, was left unattended for a 

25 week in a constant temperature chamber, the internal 
temperature and humidity of which were set to 50 °C and 
95 %, respectively (severe ambience) . Then, the images 
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formed with the use of this transfer roller along with 
a photosensitive drum were examined, yielding the 
results given in Tables 1 and 2. More specifically, 
after the transfer roller was left unattended in the 
5 above described severe ambience, images of a solid 
black original were outputted, and then, the images 
were evaluated. When the prints yielded using a given 
transfer roller suffered from unintended white strips 
attributable to the substances which seeped out of the 

10 transfer roller, the transfer roller was rated as NG 
(X), and when the prints yielded using a given 
transfer roller suffered from a small number of the 
unintended white strips, the transfer roller was rated . 
as (A) . When the prints yielded using a given 

15 transfer roller did not suffer at all from the 

unintended white strip, the transfer roller was rated 
as (O) • For comparison, the tables show the results 
of the tests of the transfer rollers produced through 
a manufacturing process in which a precursor of a 

20 transfer roller was polished and exposed to 

ultraviolet rays without being subjected to the second 
vulcanization process. 
[0047] 
[Table 1] 

25 

2nd Vulc.Temp. No 100 130 150 180 200 

(Vulc.Time 60min. fixed) (COMP.EMB.l) 
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White Strip Level x a o o o o 

{ EMB • 1 ) 



5 

[0048] 
[Table 2] 



2nd Vulc.Time No 15 30 45 60 75 

10 (Vulc.Temp 150°Cfixed) . (COMP.EMB.l) 

White Strip Level X X A O O O 

( EMB . 1 ) 



15 

[0049] 

The following are evident from Tables 1 and 2, 
In the case of the comparative transfer roller, that 
is, the transfer roller produced using the 

20 manufacturing process which did not include the 

secondary vulcanization process, the photosensitive 
drum was contaminated with the substances having 
seeped out of the transfer roller, and as a result, 
the outputted images which were to be solid black 

25 images suffered from unintended white strips. In the 
case of a transfer roller produced using the 
manufacturing process which included the secondary 
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vulcanization process, the outputted images which were 
to be solid black images did not suffer from the 
unintended white strips as much as the images yielded 
with the use of the comparative transfer roller 
5 {unintended white strips on image were dimmer and less 
recognizable) , or did not suffer at all from the 
unintended white strips. This occurred because the 
substances responsible for the contamination of the 
photosensitive drum, for example, the by-products of 

10 the primary vulcanization process, residual portion 
(portion that did not react) of the vulcanization 
agent, low molecule components of the rubber, which 
did not bridge, etc., were purged from within the 
elastic layer by the secondary vulcanization process. 

15 [0050] 

Further, regarding the effect of the heating 
temperature upon the effectiveness of the secondary 
vulcanization process, it is evident from Table 1 that 
the secondary vulcanization process is somewhat 

20 effective even when the heating temperature is roughly 
30°C, and also, that the secondary vulcanization 
process is more effective when the heating temperature 
is no less than 30 °C* Transfer rollers different in 
material were formed and were subjected to the same 

25 tests as the above described ones. As a result, it 
became evident that the secondary vulcanization 
process was highly effective when it was carried out 



so that the heating temperature therefor was close to, 
or higher than, the heating temperature for the 
primary vulcanization process. Further, regarding the 
length of time the precursor of a transfer roller is 
5 heated, it is evident from Table 2 that the longer the 
heating time, the greater the effect of the secondary 
vulcanization process upon the prevention of the 
photosensitive drum contamination. 
[0051] 

10 Shown in Figure 5 is the relationship between 

the heating temperature for the secondary 
vulcanization process and the electrical resistance 
value of the transfer roller. As the secondary 
vulcanization process was varied in the heating 

15 temperature, the resultant transfer rollers were 

different in electrical resistance value as shown in 
Figure 5. This occurred because the surface of the 
elastic layer was deteriorated by the secondary 
vulcanization process, increasing the transfer roller 

20 in electrical resistance value- The changes in the 
electrical resistance of the transfer roller 
attributable to the deterioration of the surface of 
the elastic layer caused by the secondary 
vulcanization process was not consistent. That is, if 

25 the surface of the elastic layer is deteriorated too 
much, the transfer roller manufacturing process is 
reduced in the reproducibility of the electrical 



resistance of a transfer roller. Therefore, the 
deterioration of the surface of the elastic layer 
attributable to the second vulcanization process needs 
to be minimized. Thus, the temperature for the 
5 secondary vulcanization process is to be set in 

consideration of the decrease in the strength of the 
elastic layer of a transfer roller, which is 
attributable to the deterioration of the surface layer 
of the elastic layer, and also, in consideration of 
10 the changes in the electrical resistance value of the 
transfer roller, which is attributable to the increase 
in the electrical resistance of the deteriorated 
portion of the surface of the elastic layer. 
[0052] 

15 As described before, the secondary 

vulcanization process is effective to prevent the 
photosensitive drum contamination, when the 
vulcanization temperature is roughly 130°C or higher. 
However, if the vulcanization temperature is higher 

20 than 200 °C, the deterioration of the elastic layer 
becomes excessive, making it likely for a transfer 
roller to deviate in electrical resistance value. 
Further, the worsening of the deterioration has an 
additional ill effect. That is, the amount by which a 

25 transfer roller is worn across its peripheral surface 
as the recording paper P is conveyed through the 
transfer. nip N increases, and therefore, as the 



cumulative length of transfer roller usage increases, 
the transfer roller substantially reduces in diameter. 
Thus, the temperature for the secondary vulcanization 
process is desired to be set to a value within the 
5 range of 130°C - 200°C. 
[0053] 

In this embodiment, the secondary 
vulcanization process was carried out for 60 minutes 
at 180°C / in consideration of the effect of the 

10 secondary vulcanization process upon the prevention of 
the photosensitive drum contamination, the rubber 
deterioration and resultant increase in the electrical 
resistance value of the transfer roller, and the 
productivity in the mass-production of a transfer 

15 roller. 
[0054] 

Shown in Figure 6 is the relationship between 
the polishing amount (amount by which transfer roller 
is shaved by polishing) and the electrical resistance 
20 value of the polished transfer roller. 
[005S] 

As is evident from Figure 6, after the 
secondary vulcanization process, the electrical 
resistance value of a transfer roller was affected by 
25 the amount by which the transfer roller was shaved 
away as the transfer roller was polished. This 
occurred because the outermost portion of the elastic 
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layer, which had been Increased in electrical 
resistance value because it had been deteriorated by 
the secondary vulcanization process, was shaved away 
by the polishing process. Thus, in order to prevent 
5 the secondary vulcanization process from making 

transfer rollers different in electrical resistance 
value, the aforementioned polishing amount is desired 
to be set to a value no less than 0.1 mm. However, if 
the polishing amount is set to an excessively large 

10 value, it becomes easier for the potential 

contaminants of the photosensitive drum, which remain 
on the inward side of the elastic layer of the 
transfer roller even after the second vulcanization 
process, to seep out. Thus, from the standpoint of the 

15 prevention of the photosensitive drum contamination, 
the polishing amount is desired to be set to a value 
no more than 0.4 mm. In this embodiment, it was set to 
roughly 0.15 mm. 
[0056] 

20 Lastly, in the present invention, the elastic 

layer formation process, primary vulcanization process, 
secondary vulcanization process, and polishing process 
are all completed in the listed order, and then, a 
transfer roller is subjected to the process for 

25 treating a transfer roller with ultraviolet rays or 
the process for treating a transfer roller by 
bombarding with ozone, as the finishing process, to 



give a surface treatment to the elastic layer of the 
transfer roller. This surface treatment is effective 
to reduce the elastic layer surface in roughness, 
being therefore effective to reduce the transfer 
5 roller in the nonunif ormity of the surface properties , 
which is attributable to the polishing process- In 
other words, the surface treatment is effective to 
stabilize a transfer roller in recording medium 
conveyance speed. Further, the surface treatment 

10 reduces a transfer roller in adhesiveness of the 

surface of the elastic layer, preventing thereby the 
adhesion of the paper dust resulting from a printing 
operation and/or the adhesion of toner. Therefore, it 
prevents the formation of an inferior image, the 

15 inferiority of which is attributable to the changes in 
the electrical resistance of the surface of a transfer 
roller, which is caused by the adhesion of foreign 
substances to the surface of the transfer roller, 
which occurs as the cumulative usage of the transfer 

20 roller increases* As the surface treatment in this 
embodiment, the transfer roller was irradiated with 
ultraviolet rays by keeping an ultraviolet ray lamp, 
the wavelength of which is in the adjacencies of 250 
nm, turned on for three minutes. 

25 [0057] 

As described above, by subjecting the 
precursor of a solid transfer roller having a single 
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elastic layer formed of solid robber, to the secondary 
vulcanization process in which heating temperature is 
in the range of 130°C - 200°C, for a length of time 
longer than that for the primary vulcanization process, 
5 after the first vulcanization step, the residual 

ingredients, which remain in the single elastic layer 
of the transfer roller after the primary vulcanization 
process, and which possibly seep out onto the surface 
of the elastic layer, can be removed to prevent the 

10 contamination of a photosensitive drum. Further, by 
polishing the peripheral surface of a transfer roller 
after the secondary vulcanization process, it is 
possible to manufacture a transfer roller which is 
highly accurate in external diameter. Further, by this 

15 polishing of the peripheral surface of a transfer 
roller, the portion of the surface of the elastic 
layer, which has been deteriorated by the second 
vulcanization process is removed by a small amount to 
render uniform the surface of the elastic layer in 

20 electrical resistance value. Further, by subjecting a 
transfer roller to such a surfacing treating process 
as irradiating a transfer roller with ultraviolet rays, 
bombarding a transfer roller with ozone, or the like 
process, as the finishing touch, it is possible to 

25 obtain a transfer roller which is excellent in the 

stability with which the recording medium is conveyed, 
and to the surface of which foreign substances are not 
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likely to adhere, 
[0058]. 

Embodiment 2 

In this embodiment of the present invention, 
5 one of the examples of an image forming apparatus, the 
transfer roller of which is rotated at a peripheral 
velocity higher than that of its photosensitive drum, 
is shown. 
[0059] 

10 The structure of the image forming apparatus 

in this embodiment is basically the same as that shown 
in Figure 1, except that the photosensitive drum and 
transfer roller of this image forming apparatus are 
different in the speed at which they are driven. More 

15 specifically, the peripheral velocity at which the 
photosensitive drum in this embodiment is driven is 
set to 90 % of the process speed, whereas the 
peripheral velocity of the transfer roller, which can 
be calculated from the external diameters of the 

20 photosensitive drum and transfer roller, and the ratio 
between the two gears which drive them, is set to 
102 % of the process speed. In other words, the 
transfer roller is rotated faster than the 
photosensitive drum to convey a recording medium at a 

25 speed different from the peripheral velocity of the 

photosensitive drum. Conveying a recording medium at a 
speed faster than the peripheral velocity of the 
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photosensitive drum is effective to cause the 
recording medium to act in a manner of scraping up the 
toner on the photosensitive drum, preventing thereby 
the formation of an image suffering from unintended 
5 white areas. According to the present invention, a 
transfer roller may be rotationally driven at a 
peripheral velocity different by +0,5 - 6 % from that 
of a photosensitive drum. 
[0060] 

10 In an image forming apparatus , such as the 

above described one, in which its transfer roller is 
rotated faster than its photosensitive drum, a 
recording medium is conveyed through the transfer nip, 
while continuously slipping on the photosensitive drum 

15 and transfer roller. Therefore, the speed at which a 
recording medium is conveyed through the transfer nip 
is affected by the thickness of a recording medium, 
conveyance resistance of a recording medium conveyance 
path, and print ratio. This variation in recording 

20 conveyance speed is also likely to be affected by the 
amount of pressure applied to keep the transfer roller 
pressed upon the photosensitive drum. For example, as 
the conveyance speed is affected (slowed, down) by such 
a factor as paper type, the difference between the 

25 speed of a recording medium and the peripheral 

velocity of the photosensitive drum becomes smaller, 
failing to be effective to cause the recording medium 
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to act in a manner of scraping up the toner away from 
the photosensitive drum. As a result, an image 
suffering from unintended white areas is yielded. On 
the other hand, as the conveyance speed increases, the 
5 image on the photosensitive drum fails to be 

transferred onto a recording medium in its entirety; 
before the trailing end portion of the toner image on 
the photosensitive drum reaches the transfer nip, the 
recording medium is conveyed out of the transfer nip, 

10 causing the trailing end portion of the toner image to 
overshoot the trailing end portion of the recording 
medium. As a result, the problem that the interior of 
the image forming apparatus is contaminated by toner 
occurs . 

15 [0061] 

In this embodiment, an electrically conductive 
solid rubber roller is used as the transfer roller. It 
was made up of a metallic core, and a cylindrical 
rubber layer formed of ion-conductive high polymer,. 

20 which belongs to NBR group. More specifically, the 
cylindrical rubber layer was formed by extrusion 
molding, and the metallic core was pressed into the 
center hole of the cylindrical rubber layer. Then, 
this precursor of the transfer roller was polished 

25 after the secondary vulcanization process which was 
carried out for 60 minutes at 180 °C, obtaining the 
precursor of the transfer roller, which was 16 [mm] in 
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diameter and 216 mm in the length of the rubber 
portion. Then, as the finishing process, this 
precursor was irradiated with ultraviolet rays, which 
were 250 nm in wavelength, for three minutes, 
5 obtaining the ion-conductive solid rubber roller which 
was 60° in hardness (ASKER-C) under a load of 1 kg, 
[0062] 

Table 3 shows the various nip widths realized 
between the above described transfer roller and the 

10 photosensitive drum by varying the pressure (total 
pressure) applied to form the transfer nip, and the 
amount of the change in the recording medium 
conveyance speed. The amount AX of the change in the 
recording medium conveyance speed, which is shown here, 

15 is the amount of the change in the ratio of the 

expansion or shrinkage of a given portion of an image 
in the secondary scan direction, which occurred when 
the printing ratio was varied within the range of 
4 % - 50 % in an image forming operation in which a 

20 sheet of paper, the basis weight of which was in the 
range of 60 - 150 [g/m 2 ], was used. The ratio of the 
expansion or shrinkage of a given portion of an image 
in the secondary scan direction was obtained by 
measuring the interval of the adjacent two horizontal 

25 lines of the image actually formed in accordance with 
the data of an image having horizontal lines drawn 
with the intervals of 10 mm. The values in the table 
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are given in percentages, and a rate of 100 % equals 
100 % of process speed. Further, the nip widths given 
in this table are actual nip widths obtained using the 
following method: The photosensitive drum, which was 
5 kept stationary, was uniformly coated with toner, ink, 
or the like. Then, the width of the band (stripe) 
formed by the toner, ink, or the like having adhered . 
to the peripheral surface of the transfer roller as 
the transfer roller was pressed on the photosensitive 

10 drum by applying each of various amounts of load to 
the lengthwise ends of the transfer roller, was 
measured (roughly at the center of the band in terms 
of the lengthwise direction of the transfer roller) . 
The evaluation was made based on the amount of the 

15 unintended white areas of the image formed on a postal 
card. Evaluation references are as follows: 

O : letter did not have unintended white area 
A : ratio at which letter had unintended white 
area was 30 - 50 % 

20 x : ratio at which letter had unintended while 

area was no less than 50 % 
[0063] 
[Table 3] 



25 Total Pressure[kgJ 0.8 1.0 1.3 1.5 2.0 



Nip Width [mm] 



1.0 1.2 1.5 1.7 2.1 
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Change in conveyance 99-1- 99.5- 99.7- 99.9- 99.9- 

speed AX(%) 100.5 100,2 100.1 100.1 100.1 

5 White area on X A O O O 
Postal card 



[0064] 

10 The following is evident from Table 3. As the 

nip width was widened by increasing the amount (total 
amount) of pressure applied to form the transfer nip, 
the contact area, in the transfer nip, between a 
recording medium and the photosensitive drum and the 

15 contact area, in the transfer nip, between the 

recording medium and the transfer roller, increased in 
size, making it less likely for the external factors 
such as conveyance resistance and print ratio to cause 
the transfer roller and recording medium to slip 

20 relative to each other. Therefore, the amount AX by 
which the recording medium conveyance speed changed 
became smaller; the transferring portion was 
stabilized in recording medium conveying performance ♦ 
As a result, the formation of an image suffering from 

25 unintended white areas is prevented, in particular, 

even when an image is formed on a thick piece of paper, 
such as a postal card, the conveyance speed of which 
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is more likely to be reduced by the above described 

slippage. 

[0065] 

Given in Table 4 are the results of the test 
5 carried out to evaluate the transfer roller in this 
embodiment- In the test, the transfer pressure was 
varied, and the transfer rollers were left pressed 
upon a photosensitive drum, in an environment in which 
temperature was 40 °C and humidity was 95 %, for one 

10 week. The table shows the contact pressures (per unit 
area) between the transfer roller and photosensitive 
drum, and the results of the evaluation of the images 
formed using the transfer rollers and photosensitive 
drum left unattended under the above described 

15 conditions. For comparison, the test results of a 

transfer roller which was the same in structure as the 
above described transfer rollers, but, was not 
subjected to the secondary vulcanization process, are 
also given- The references used for image evaluation 

20 regarding the unintended white strips are as follows: 
O * no unintended white strip was visible 
A : small number of unintended white strips were 
visible 

x : substantial number of unintended white strips 
25 were visible 
[0066] 
[Table 4] 



46 



5 



Total Pressure [kg] 


0.8 


1.0 


1.2 


1.5 


2.0 


Contact Pressure [g/rnm2] 


3.70 


3.86 


4,01 


4.08 


4.41 


Nip White Strip 
(EMB.2) 


o 


O 


o 


o 


A 


Nip White Strip 


0 


A 


X 


X 


X 



10 (COMP.EMB.2) 



[0067] 

As will be evident from Table 4, in the case 
15 of the transfer roller in this embodiment, which was 
subjected to the secondary vulcanization process, when 
the total amount of pressure applied for image 
transfer was no more than 1.5 kg, there was no sign, 
on the photosensitive drum, to suggest that the 
20 ingredients of the transfer roller seeped out onto the 
photosensitive drum, further, even when solid black 
images were formed for confirmation, no image suffered 
from white strips. 
[0068] 

25 In the case of the transfer roller (second 

comparative transfer roller) , which had not been 
subjected to the secondary vulcanization process, as 
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the total amount of pressure applied for image 
transfer was increased to 1.2 kg or greater, the solid 
black images suffered from the white strips 
attributable to the substances having seeped out of 
5 the transfer roller. This occurred for the following 
reason. That is, the contact pressure per unit area 
was no less than 40.0 g/mm 2 . Therefore, the transfer 
roller was pressed upon the photosensitive drum by a 
greater amount of pressure, making it easier for the 

10 low molecule ingredients of the solid rubber of the 
transfer roller to seep out. In comparison, in the 
case of the transfer roller which had been subjected 
to the secondary vulcanization process, virtually no 
seeping occurred when the total amount of the transfer 

15 pressure was no more than 2.0 kg. 
[0069] 

According to Tables 3 and 4, in. the case of 
the transfer roller in accordance with the prior art, 
that is, the tr«ansfer roller, the surface of which was 

20 treated with ultraviolet rays without being subjected 
to the secondary vulcanization process, even though 
the objective of preventing the photosensitive drum 
contamination was accomplished, the objectives of 
stabilizing the recording medium conveyance, and the 

25 objective of preventing the formation of an image 

suffering from unintended white areas (strips) , could 
not be accomplished. In comparison, in the case of the 
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transfer roller in this embodiment, that is, the 
transfer roller which had been subjected to the 
secondary vulcanization process, the abovementioned 
objectives were all easily accomplished, Further, even 
5 when the photosensitive drum and transfer roller were 
rendered different in driving speed and a high 
transfer pressure was applied, no image suffering from 
unintended white areas (strips) was formed, and it did 
not occur that the trailing end portion of an image 

10 overshoots the trailing end portion of a recording 
medium. Further, it was possible to obtain images 
which did not suffer from defects attributable to the 
phenomenon that the ingredients of the transfer roller 
seep out onto the photosensitive drum. 

15 [0070] 

[Effects of Invention] 

According to the present invention, which 
relates to an image forming apparatus having a 
transferring means of the roller-based transfer method, 

20 which employs an electrically conductive solid 
transfer roller, 

(1) By manufacturing a transfer roller with the 
use of a manufacturing method in which the precursor 
of a transfer roller is subjected to the secondary 

25 vulcanization process before it is polished; 

thereafter, the precursor is polished across the 
surface of its rubber portion to give the precursor a 
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preset external diameter and a desired shape/ and then, 
the surface of the rubber portion is subjected to a 
surface treatment , such as irradiating with 
ultraviolet rays, treating with ozone, or the like, 
5 the low molecule ingredients of rubber, which are 

present in the surface portion of the transfer roller, 
and the additives such as vulcanizing agents, etc., 
are purged by the secondary vulcanization process, and 
also, the surface portion of the elastic layer are 

10 turned into a seepage prevention layer by the surface 
treatment, making it thereby possible to prevent the 
phenomenon that ingredients of the rubber portion of a 
transfer roller seep out onto the surface of the 
transfer roller > 

15 [0071] 

Further, by giving, after the polishing of the 
surface of the rubber portion of the transfer roller, 
the surface of the rubber portion of the transfer 
roller a surface treatment to smooth the surface of 

20 the transfer roller so that the surface becomes no 

more than 10 Jim in roughness index Rz, the changes in 
the recording medium conveyance speed, which is 
attributable to the direction in which the surface is 
polished, the nonuniformity in the surface roughness, 

25 are prevented, and the adhesion of paper dust and/or 
toner to the roller surface is prevented, making it 
possible for the image forming apparatus to 
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continuously yield satisfactory images for a long time. 
[0072] 

(2) By manufacturing a transfer roller with the 
use of a manufacturing method in which the precursor 
5 of a transfer roller is subjected to the secondary 
vulcanization process before it is polished; 
thereafter, the precursor is polished across the 
surface of its rubber portion to give the precursor a 
preset external diameter and a desired shape; and then, 

10 the surface of the rubber portion is subjected to a 
surface treatment, such as irradiating with 
ultraviolet rays, treating with ozone, or the like, 
the low molecule ingredients of rubber, which are 
present in the surface portion of the transfer roller, 

15 and the additives such as vulcanizing agents, etc,, 
are purged by the second vulcanization process, 
preventing thereby such substances in the transfer 
roller that possibly contaminate the photosensitive 
drum, from seeping out of the transfer roller, even 

20 under a large amount of transfer pressure, 

accomplishing thereby the objective of stabilizing the 
image forming apparatus in the recording medium 
conveyance in the transfer nip, as well as the 
objective of preventing the transfer roller from 

25 contaminating the photosensitive drum. 

[Brief Description of the Drawings] 
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Figure 1 is a schematic sectional view of an 
image forming apparatus in accordance with the present 
invention. 

Figure 2 is an enlarged schematic side view of 
5 one of the lengthwise ends of the transfer roller, and 
its adjacencies. 

Figure 3 is an enlarged schematic front view 
of the transfer roller, a part of which has been shown. 
Figure 4 is a general flowchart of the 
10 manufacturing process for the transfer roller in 
accordance with the present invention. 

Figure 5 is a graph showing the relationship 
between the temperature for the secondary 
vulcanization process and the electrical resistance 
15 value of the transfer roller. 

Figure 6 is a graph showing the relationship 
between the amount (depth) by which the transfer 
roller is shaved by polishing , and the electrical 
resistance value of the transfer roller . 
20 Figure 7 is a drawing roughly showing the 

method for measuring the electrical resistance value 
of the transfer roller. 
[List of Reference Numerals] 
1: photosensitive drum 
25 5: transfer roller 

5a: metallic core of transfer roller 
5b: elastic layer 
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5c: bearing for transfer roller 

5d: transfer pressure application spring 

N: transfer nip 

P: recording medium 




FIG. 4 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



